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a b s t r a c t

Objective: Diabetes mellitus (DM) is a metabolic illness and it is a result of hyperglycemia ensuing since a
deficiency in insulin production, insulin function. Based on WHO statistics, more than 347 million
peoples are suffered from the DM globally and it may increase to 694 million in 2030. Vanillic acid
(VA) is a phenolic derived compound from dietary vegetations and fruits with the many biological acitiv-
ities. This current research was planned to investigate the antidiabetic and anti-inflammatory potential of
VA on streptozotocin-challenged DM in rats.
Methods: Later than an overnight fast, the rats were induced diabetes via one intraperitoneal treatment
of STZ (40 mg/kg b.wt) in a newly organized 0.1 M citrate buffer. We analyzed body weight, plasma
glucose, liver marker enzymes, insulin, carbohydrate metabolic enzymes, glycosylated hemoglobin,
protein profiles, oxidant/antioxidant levels, inflammatory mediators and also evaluate histopathology
of pancreatic tissues in normal control and investigational animals.
Results: Diabetic animals were revealed an increased in HbA1c, blood glucose, food and fluid intake and
relative weight of kidney and liver, whereas the reduced level of insulin and body weight. Furthermore,
augmented levels of ALT, glucose-6-phosphatase, AST, TBARS, TNF-a, creatinine, LOOH, fructose 1,6-
bisphosphatase, ALP, IL-6 and IL-1b whereas, reduced status of antioxidant enzymes were observed in
diabetic rats. Histopathological analysis of pancreatic tissues was in support of the biochemical
parameters.
Conclusions: Diabetic rats treated by VA significantly alter all these parameters toward normal levels.
These results recommended that the VA is a potential antidiabetic and anti-inflammatory effect for the
cure of DM.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

As highly developed medical technology and better living stan-
dards broaden the expectation of human beings, chronic illness has
become the most important risk to the healthiness of people
(Megari, 2013). Diabetes mellitus (DM) is a cluster of metabolic

illness, which described as a result of hyperglycemia ensuing from
a deficiency in the production and function of insulin. The contin-
ual hyperglycemia of DM is related to the extensive time of injury,
failure, and dysregulation of numerous organs, principally the
nerves, kidneys, blood vessels, heart, and eyes. The symptoms of
noticeable hyperglycemia contains weight loss, polydipsia, poly-
uria, occasionally with blurred vision and polyphagia (American
Diabetes Association, 2002). The WHO has been informed that
more than 347 million populace suffered due to the DM globally
and expected this number would twofold (694 million) by 2030
(Cho et al., 2018).

Oxidative stress forms a metabolic system of damage in various
kinds of vascular illnesses. The hyperglycemia enhances oxidative
stress during the greatest formation of ROS has been informed

https://doi.org/10.1016/j.jksus.2020.04.010
1018-3647/� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail address: chixiaoyan2018@sina.com (X. Chi).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier

Journal of King Saud University – Science 32 (2020) 2905–2911

Contents lists available at ScienceDirect

Journal of King Saud University – Science

journal homepage: www.sciencedirect .com

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2020.04.010&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2020.04.010
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:chixiaoyan2018@sina.com
https://doi.org/10.1016/j.jksus.2020.04.010
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com
ADHIN
Highlight

ADHIN
Highlight



Original article

Transportation of micro-polar fluid by dilating peristaltic waves

Sanjay Kumar Pandey ⇑, Subhash Chandra
Department of Mathematical Sciences, Indian Institute of Technology (BHU), Varanasi 221005, India

a r t i c l e i n f o

Article history:
Received 2 January 2019
Revised 15 July 2020
Accepted 21 July 2020
Available online 7 August 2020

Keywords:
Peristalsis
Oesophagus
Micro-polar fluid
Wave dilation parameter
Coupling number
Micro-polar parameter

a b s t r a c t

In this paper, we analytically investigate axi-symmetric flow of a micro-polar fluid induced by peristaltic
waves with progressively dilating amplitude. By means of mathematical formulation we examine its
impact on swallowing of single food bolus through oesophagus. Liquid crystals, blood, some edible solu-
tions resemble micro-polar property. Engineering applications using polymer solutions, colloidal solu-
tions, drilling fluids in oil industries etc. may be better understood by this investigation. Long
wavelength and low Reynolds number approximations are employed to get rid of non-linear convective
terms and minimise curvature effects of the wall. It is inferred that increasing coupling number and
amplitude dilation parameter enhance the pressure inside the tube, while micro-polar parameter is
responsible for reducing the pressure along the axis of the tube. Local wall shear stress too increases with
amplitude dilation parameter. The study suggests that achalasia patients should avoid the consuption of
micro-polar fluids. It is also concluded that reflux action weakens with dilation of wave amplitude for
micro-polar flows.
� 2020 Indian Institute of Technology (BHU), Varanasi, India. Published by Elsevier B.V. on behalf of King
Saud University. This is an open access article under the CCBY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Combination of periodically alternating contractions and relax-
ations of muscles responsible for most of the physiological flows is
peristalsis. This combination forms a transverse and progressive
wave. This mechanism has several engineering applications. Sev-
eral innovators, across various fields, are developing peristaltic
machines that can move in cylindrical tubes to locate ruptures at
the joints of gas and water pipelines and those caused by cracks.
Many such machines are being designed to serve industries for
sanitary fluid transport, blood pumps in heart/lung machines,
transport of corrosive fluids without contacting machinery compo-
nents. Studies are also focused on realization of machines that can
pass through intestines and blood vessels. Peristalsis, observed in
earthworms and nematodes, induces shape variation and a shift
in the center of gravity. This causes extensional waves to propagate
and thus progress without injury to the vulnerable inner walls of

blood vessels. This moving mechanism together with catheters
can reach a diseased site by itself (Nakazato et al., 2010).

Eringen (1966) formulated the effects of individual particles
such as micro-rotation in flow, which are concentrated suspension
of non-deformable neutrally buoyant rigid particles in a viscous
medium. Micro polar fluids contain micro constituents which can
undergo rotation. Rotation of micro constituents can affect the
hydrodynamics of flow and make the fluid distinctly non-
Newtonian. Physically, micro polar fluids represent fluids consist-
ing of rigid, spherical or randomly oriented particles with ignored
deformation suspended in a viscous medium (Lukaszewicz, 1999).
Liquid crystals, blood, some edible solutions resemble micro-polar
property. Engineering applications using polymer solutions, col-
loidal solutions, drilling fluids in oil industries etc. may be better
understood by this investigation (Pandey and Tripathi, 2011a).

Devi and Devanathan (1975) studied peristaltic transport of
micro-polar fluids in a cylindrical tube with a sinusoidal wave of
small amplitude. Philip and Chandra (1995) explored peristaltic
transport of a simple micro-polar fluid which accounts for micro-
rotation and micro-stretching of the particles contained in a small
volume element using long wave length approximations.
Srinivasacharaya et al. (2003) examined different micro-polar
properties on pressure across one wavelength and also on trap-
ping; Hayat et al. (2007) investigated the effects of different wave
forms; Muthu et al. (2005, 2008a, b) studied wall properties in
channels and tubes respectively whereas Hayat and Ali (2008)
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a b s t r a c t

Objective: In the present work, the potential use of raw date stone as an inexpensive carbonized adsor-
bent material for removal of Pb(II) has been demonstrated.
Methods: The adsorption of Pb(II) ions onto carbonized date stone has been studied by batch adsorption
method. The variables (pH, adsorbent dose and initial concentration of Pb(II) ions) of the adsorption pro-
cess were optimized by response surface methodology via Box-Behnken design (BBD).
Results: The optimum values of pH, adsorbent dose and initial concentration were 5.0, 0.3 g and 5.0 mg
L�1, respectively to achieve 88.50% removal efficiency. The adsorption data fitted well to both Langmuir
and Freundlich isotherm models with coefficient of correlation (r) ˃0.9999. The maximum adsorption
capacity of the described adsorbent material for Pb2+ ions with Langmuir model was found to be
9.03 mg g�1. Kinetic data obtained at different concentrations have been analysed using pseudo-first-
order and pseudo-second-order kinetic models. The experimental data obeyed pseudo-second-order
kinetic model. Gibb’s free energy change (DG�) was evaluated and resulted with �17.91 kJ mol�1 at
298 K, hence indicated favourable adsorption process.
Conclusion: Neghal carbonized date stone was found to be a promising natural adsorbent for removal of
Pb(II).
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The water contaminated with heavy metals is unsafe for drink-
ing purposes because of their toxicity (World Health Organization,
2011; Azmi et al., 2013). The region around Muscat, Oman, is rich
in metallic deposits which are associated with the ophiolite rocks
such as basalt that contains Fe, Ca, Na, Mg, Cu, Au, Ag and Pb. In
addition, Oman copper is generally associated with high amounts
of lead. The reason of high concentration of Pb(II) in selected water
sources may be due to leaching from the rocks (Yaghi, 2007; Al-
Raisi et al., 2014). Lead enters the human body through air, water,
soil, food and dust (Schroeder and Tipton, 1968). Lead even at
extremely low concentrations causes brain damage in kids
(World Health Organization, 2011), anemia (Moore, 1988) and

reproductive effects (Wildt et al., 1983). World Health Organiza-
tion (World Health Organization, 2011) and Directorate General
for specifications and measurements, Oman (OS, 2012) have set a
permissible limit of 0.01 mg L�1 Pb(II) for un-bottled drinking
water. Lead is sometimes released during metallurgical processes
and contaminate water bodies (Mishra and Patel, 2009). Due to
strict environmental protection legislation concerning public
health, several treatment methods such as electrochemical treat-
ment (Thien-Khanh et al., 2017), ion exchange (Azarudeen et al.,
2015), chemical precipitation (Wang et al., 2017) and adsorption
(Gupta et al., 2004; Rahman and Haseen, 2014; Rahman et al.,
2020) have been used for the remediation of heavy metals from
water.

Bio-sorption is a very promising field utilizing natural biological
materials such as rice straw (Amer et al., 2017), eggshell (Soares
et al., 2016), jatoba (Isis et al., 2017), black walnut (Lawal et al.,
2017), chitosan and sodium citrate (Pu et al., 2017) for remediation
of Pb(II) from water. Peanut shell-based biochar was investigated
for adsorption of Pb(II) ions (Tasar and Ozer, 2020). Activated car-
bon prepared from Albizia lebbeck and Melia azedarach seeds were
applied for adsorptive removal of Pb(II) from wastewater (Ullah
et al., 2020). The potential of activated carbon derived from Repto-
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